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1. 

METHODS OF FORMING NONVOLATLE 
MEMORY DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to and claims priority under 35 
U.S.C. S 119 from Korean Patent Application 2005-21943 
filed on Mar. 16, 2005, the entire contents of which are hereby 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to semiconductor devices and 
methods of forming the same, and more particularly, to 
memory devices and methods of forming the same. 
A nonvolatile memory device typically includes a periph 

eral circuit for performing program, erase and read operations 
on memory cells. The peripheral circuit generally includes a 
high-voltage device for applying a high Voltage to the celland 
a low-voltage device for applying a low Voltage to the cell. 
The peripheral circuit also typically includes a resistor for 
adjusting signal delay, Voltage and/or current levels. Mean 
while, a cell gate electrode and a peripheral circuit gate elec 
trode of the memory device typically need a metal-containing 
layer for enhancing the operating speed of the device. In order 
to enhance the read/write speed of the memory cell, an elec 
tron flow from the gate electrode may be blocked by forming 
an electrode on a gate insulation layer of the memory cell 
using a conductive material with a work function of 4.0 eV or 
more as described, for example, in Korean Patent Application 
No. 2003-0075516. In general, a conductive material of a 
high work function is preferably a metal-containing layer. 
However, the metal-containing layer generally has a very-low 
sheet resistance and is, thus, often unsuitable for a resistor as 
a resistor formed using a metal-containing layer with a very 
low sheet resistance generally must have its area increased so 
as to obtain a desired resistance. This may cause difficulties in 
providing a high integration of the memory device. 

In general, the cell gate electrode, the peripheral circuit 
electrode and the resistor are formed in the same level. 
Accordingly, when the gate electrode is formed to include a 
metal-containing layer, the metal-containing layer is gener 
ally also formed in the resistor region. Therefore, an addi 
tional photolithography process and an etch mask are typi 
cally required to remove the metal-containing layer from the 
resistor region. In addition, while a cell gate pattern generally 
needs a charge trapping layer or a floating gate capable of 
storing an electric charge, the peripheral circuitgate electrode 
generally needs a gate insulation layer. When a peripheral 
circuit gate pattern has a floating gate or a charge trapping 
layer, the memory cell may be unnecessarily programmed by 
application of a high Voltage thereto, causing an increase in a 
threshold Voltage. The peripheral circuit gate pattern typi 
cally should not have a floating gate or a charge trapping layer 
in order to reduce the operating Voltage of a peripheral circuit 
transistor. Thus, when a charge trapping layer is formed in a 
cell array region, an additional photolithography process and 
an etch mask are generally used to remove the charge trapping 
layer from a peripheral circuit region. As such, a very com 
plicated method is generally used to form a nonvolatile 
memory device having cell gate electrodes, peripheral circuit 
electrodes and resistors. 
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2 
SUMMARY OF THE INVENTION 

Embodiments of the present invention include methods of 
forming a memory device including forming a device isola 
tion layer in a semiconductor Substrate including a cell array 
region and a resistor region, the device isolation layer extend 
ing into the resistor region and defining an active region in the 
semiconductor substrate. A first conductive layer is formed 
on the device isolation layer in the resistor region. The semi 
conductor Substrate is exposed in the cell array region. A cell 
insulation layer is formed on a portion of the semiconductor 
Substrate including the exposed cell array region, the active 
region and the device isolation layer in the resistor region. A 
second conductive layer is formed on the cell insulation layer 
in the portion of the semiconductor Substrate including the 
exposed cell array region, the active region and the device 
isolation layer in the resistor region. The second conductive 
layer is etched to form a cell gate electrode in the cell array 
region and to concurrently remove the second conductive 
layer from the resistor region and the first conductive layer is 
etched in the resistor region to form a resistor. 

In further embodiments, the memory device comprise a 
nonvolatile memory and forming the cell insulation layer 
includes forming a cell tunnel insulation layer, a charge 
trapping layer and a cell blocking insulation layer stacked 
over the entire upper surface of the portion of the semicon 
ductor Substrate including the exposed cell array region, the 
active region and the device isolation layer in the resistor 
region. Forming the second conductive layer includes form 
ing the second conductive layer on the cell blocking insula 
tion layer over the entire upper surface of the portion of the 
semiconductor substrate including the exposed cell array 
region, the active region and the device isolation layer in the 
resistor region. 

In other embodiments, the first conductive layer is formed 
of impurity-doped polysilicon. The charge trapping layer 
may be formed of a silicon nitride (SiNa) layer, a nanocrys 
talline silicon layer, a nanocrystalline silicon germanium 
layer, a nanocrystalline metal layer, a nanocrystalline germa 
nium layer, a tantalum oxide (TaC) or Ta-Os) layer, an alumi 
num oxide (Al2O) layer, a hafnium oxide (H?O) layer, a 
hafnium aluminum oxide (HfAIO) layer and/or a hafnium 
silicate nitride (HfSiON) layer. 

In yet further embodiments, methods of forming a nonvola 
tile memory include providing a semiconductor Substrate 
including a cell array region, a high-voltage device region, a 
low-voltage device region, and a resistor region and forming 
a high-voltage gate insulation layer on the semiconductor 
Substrate in the high-voltage device region. A low-voltage 
gate insulation layer is formed on the semiconductor Sub 
strate in the low-voltage device region. A device isolation 
layer is formed in the semiconductor substrate to define an 
active region. A first conductive layer is formed on the high 
Voltage region, the low-voltage region, and the resistor region 
without forming the first conductive layer on the cell array 
region. A cell insulation layer is formed on a portion of the 
semiconductor Substrate including the cell array region and 
the first conductive layer and the resistor region. The cell 
insulation layer is removed from the high-voltage device 
region and the low-voltage device region to expose the first 
conductive layer. A second conductive layer is formed on the 
portion of the semiconductor Substrate including the cell 
array region, the first conductive layer and the resistor region. 
The second conductive layer in the cell array region is pat 
terned to form a cell gate electrode while concurrently remov 
ing the second conductive layer from the resistor region. The 
second conductive layer and the first conductive layer in the 
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high-voltage device region and the low-voltage device region 
are patterned to form a peripheral circuit gate electrode while 
patterning the first conductive layer in the resistor region to 
form a resistor. 

In other embodiments, forming a cell insulation layer 
includes conformally stacking a cell tunnel insulation layer, a 
charge trapping layer, and a cell blocking insulation layer 
over the entire upper surface of the portion of the semicon 
ductor Substrate including the cell array region and the first 
conductive layer and the resistor region. Removing the cell 
insulation layer includes removing the cell blocking insula 
tion layer, the charge trapping layer, and the cell tunnel insu 
lation layer from the high-voltage device region and the low 
Voltage device region to expose the first conductive layer. 
Forming a second conductive layer includes forming the sec 
ond conductive layer over the entire upper surface of the 
portion of the semiconductor Substrate including the cell 
array region, the first conductive layer and the resistor region. 
Patterning the second conductive layer includes etching the 
second conductive layer in the cell array region to form the 
cell gate electrode and concurrently removing the second 
conductive layer from the resistor region. Patterning the sec 
ond conductive layer and the first conductive layer includes 
etching the second conductive layer and the first conductive 
layer in the high-voltage device region and the low-voltage 
device region to form the peripheral circuit gate electrode 
while etching the first conductive layer in the resistor region 
to form the resistor. 

In further embodiments, the first conductive layer is 
formed of impurity-doped polysilicon. The charge trapping 
layer may be formed of a silicon nitride (SiNa) layer, a 
nanocrystalline silicon layer, a nanocrystalline silicon germa 
nium layer, a nanocrystalline metal layer, a nanocrystalline 
germanium layer, a tantalum oxide (TaC) or Ta-Os) layer, an 
aluminum oxide (AlO) layer, a hafnium oxide (H?O) layer, 
a hafnium aluminum oxide (HfAlO) layer and/or a hafnium 
silicate nitride (HfSiON) layer. The second conductive layer 
may be formed of a metal-containing layer or a bi-layer 
including the metal-containing layer and an impurity-doped 
polysilicon layer. The metal-containing layer may be formed 
of a tantalum nitride (TaN) layer, a tantalum (Ta) layer, a 
tungsten silicide (WSi) layer, a cobalt silicide (CoSi) layer, a 
titanium silicide (TiSi) layer, a tungsten (W) layer, a tungsten 
nitride (WN) layer, a titanium (Ti) layer, a titanium nitride 
(TiN) layer, a titanium aluminum nitride (TiAIN) layer, a 
molybdenum (Mo) layer and/or a platinum (Pt) layer. 

In yet other embodiments, the methods further include 
forming a third conductive layer over the entire upper Surface 
of the semiconductor substrate before the removing of the cell 
blocking insulation layer, the charge trapping layer, and the 
cell tunnel insulation layer from the high-voltage device 
region and the low-voltage device region and the third con 
ductive layer is removed from the high-voltage device region 
and the low-voltage device region when the cell blocking 
insulation layer, the charge trapping layer, and the cell tunnel 
insulation layer are removed from the high-voltage device 
region and the low-voltage device region to expose the first 
conductive layer. The third conductive layer is etched when 
the second conductive layer is etched to form a cell gate 
electrode at the cell array region and to expose the first con 
ductive layer at the resistor region. The third conductive layer 
may be formed of an impurity-doped polysilicon layer, a 
metal-containing layer, or a bi-layer including the impurity 
doped polysilicon layer and the metal-containing layer. 

Infurther embodiments, the methods further include form 
ing a fourth conductive layer over the entire upper Surface of 
the portion of the semiconductor substrate before the forming 
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4 
of the device isolation layer. The fourth conductive layer is 
also patterned when the peripheral circuit gate electrode is 
formed, so that the peripheral circuit gate electrode is a stack 
that includes the fourth conductive layer, the first conductive 
layer, and the second conductive layer. The fourth conductive 
layer may be formed of impurity-doped polysilicon. 

In yet other embodiments, memory devices are provided 
having a semiconductor Substrate including a cell array 
region, a peripheral circuit region, a resistor region and a 
device isolation layer defining an active region. A cell insu 
lation layer and a cell gate electrode are stacked on the semi 
conductor Substrate in the cell array region. A peripheral 
circuitgate insulation layer and a peripheral gate electrode are 
stacked on the semiconductor Substrate in the peripheral cir 
cuit region. The peripheral gate electrode includes a first 
conductive layer and a second conductive layer on the first 
conductive layer. A resistoris disposed on the device isolation 
layer in the resistor region. The resistor includes the first 
conductive layer and not the second conductive layer and the 
cell gate electrode includes the second conductive layer and 
not the first conductive layer. 

In further embodiments, the memory device is a non-vola 
tile memory and the cell insulation layer includes a cell tunnel 
insulation layer, a charge trapping layer on the cell tunnel 
insulation layer and a cell blocking insulation layer on the cell 
tunnel insulating layer and the cellgate electrode is on the cell 
blocking insulation layer. The cell gate electrode may further 
include a third conductive layer interposed between the sec 
ond conductive layer and the cell blocking insulation layer. 
The peripheral gate electrode may further include a fourth 
conductive layer interposed between the first conductive 
layer and the peripheral gate insulation layer. 

In other embodiments, the charge trapping layer is a silicon 
nitride (SiNa) layer, a nanocrystalline silicon layer, a nanoc 
rystalline silicon germanium layer, a nanocrystalline metal 
layer, a nanocrystalline germanium layer, a tantalum oxide 
(TaO or Ta-Os) layer, an aluminum oxide (Al2O) layer, a 
hafnium oxide (H?O) layer, a hafnium aluminum oxide 
(HfAlO) layer and/or a hafnium silicate nitride (HfSiON) 
layer. The first conductive layer may be impurity-doped poly 
silicon. The fourth conductive layer may also be impurity 
doped polysilicon. The second conductive layer may be a 
metal-containing layer or a bi-layer including the metal-con 
taining layer and an impurity-doped polysilicon layer. The 
third conductive layer may be an impurity-doped polysilicon 
layer, a metal-containing layer or a bi-layer including the 
impurity-doped polysilicon layer and the metal-containing 
layer. The metal-containing layer may be a tantalum nitride 
(TaN) layer, a tantalum (Ta) layer, a tungsten silicide (WSi) 
layer, a cobalt silicide (CoSi) layer, a titanium silicide (TiSi) 
layer, a tungsten (W) layer, a tungsten nitride (WN) layer, a 
titanium (Ti) layer, a titanium nitride (TiN) layer, a titanium 
aluminum nitride (TiAIN) layer, a molybdenum (Mo) layer 
and/or a platinum (Pt) layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this application, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the of the invention. In the drawings: 

FIGS. 1 through 9 are cross-sectional views illustrating 
methods of forming a nonvolatile memory according to some 
embodiments of the present invention: 
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FIGS. 10 through 12 are cross-sectional views illustrating 
methods of forming a nonvolatile memory according to fur 
ther embodiments of the present invention; 

FIGS. 13 and 14 are cross-sectional views illustrating 
methods of forming a nonvolatile memory according to other 
embodiments of the present invention; and 

FIG. 15 is a cross-sectional view of a nonvolatile memory 
according to some embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is described more fully hereinafter with ref 
erence to the accompanying drawings, in which embodiments 
of the invention are shown. This invention may, however, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
invention to those skilled in the art. In the drawings, the size 
and relative sizes of layers and regions may be exaggerated 
for clarity. 

It will be understood that when an element or layer is 
referred to as being “on”, “connected to’ or “coupled to 
another element or layer, it can be directly on, connected or 
coupled to the other element or layer or intervening elements 
or layers may be present. In contrast, when an element is 
referred to as being “directly on.” “directly connected to’ or 
“directly coupled to another element or layer, there are no 
intervening elements or layers present. Like numbers refer to 
like elements throughout. As used herein, the term “and/or 
includes any and all combinations of one or more of the 
associated listed items. 

It will be understood that, although the terms first, second, 
etc. may be used herein to describe various elements, com 
ponents, regions, layers and/or sections, these elements, com 
ponents, regions, layers and/or sections should not be limited 
by these terms. These terms are only used to distinguish one 
element, component, region, layer or section from another 
region, layer or section. Thus, a first element, component, 
region, layer or section discussed below could be termed a 
second element, component, region, layer or section without 
departing from the teachings of the present invention. 

Spatially relative terms, such as “beneath”, “below'. 
“lower”, “above”, “upper” and the like, may be used herein 
for ease of description to describe one element or feature's 
relationship to another element(s) or feature(s) as illustrated 
in the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the exemplary 
term “below can encompass both an orientation of above and 
below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com 
prising, when used in this specification, specify the presence 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
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6 
of one or more other features, integers, steps, operations, 
elements, components, and/or groups thereof. 

Embodiments of the present invention are described herein 
with reference to cross-section illustrations that are schematic 
illustrations of idealized embodiments of the present inven 
tion. As such, variations from the shapes of the illustrations as 
a result, for example, of manufacturing techniques and/or 
tolerances, are to be expected. Thus, embodiments of the 
present invention should not be construed as limited to the 
particular shapes of regions illustrated herein but are to 
include deviations in shapes that result, for example, from 
manufacturing. For example, an etched region illustrated as a 
rectangle will, typically, have rounded or curved features. 
Thus, the regions illustrated in the figures are schematic in 
nature and their shapes are not intended to illustrate the pre 
cise shape of a region of a device and are not intended to limit 
the scope of the present invention. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
Some embodiments of the present invention can be applied 

to a floating trap-type nonvolatile memory, such as a silicon 
oxide-nitride-oxide-semiconductor (SONOS) memory, and 
methods of forming the same. Some embodiments of the 
present invention can be applied to various nonvolatile 
memories, such as a floating gate-type nonvolatile memory, 
and methods of forming the same. 

FIGS. 1 through 9 are cross-sectional views illustrating a 
method of forming a nonvolatile memory according to some 
embodiments of the present invention. Referring to FIG. 1, a 
pad oxide layer 3 is formed on a semiconductor substrate 1 
that includes a cell array region, a high-voltage device region, 
a low-voltage device region and a resistor region. The pad 
oxide layer 3 may be formed, for example, of a thermal oxide 
layer by thermal oxidation. 

Referring to FIG. 2, a first mask 5, that exposes the high 
Voltage device region while covering the other regions, is 
formed on the pad oxide layer 3. The first mask 5 may be 
formed of, for example, of a silicon nitride layer. A thermal 
oxidation process may be performed on the semiconductor 
substrate 1 to thicken the padoxide layer3 exposed by the first 
mask 5 to thereby form a high-voltage gate insulation layer 7. 

Referring to FIG. 3, the first mask 5 is removed after the 
formation of the high-voltage gate insulation layer 7. When 
the first mask 5 is formed of a silicon nitride layer, it may be 
removed using, for example, an etching solution containing a 
phosphoric acid. A device isolation layer 9 is formed on the 
semiconductor substrate 1, for example, by shallow trench 
isolation (STI). At this time, the device isolation layer 9 is 
disposed in the resistor region and isolating the other regions. 
Thereafter, a wet etching process using an etching Solution 
containing a fluoric acid may be performed to remove the pad 
oxide layer 3, to thereby expose the semiconductor substrate 
1 at the cell array region and the low-voltage device region. At 
this time, an upper portion of the high-voltage gate insulation 
layer 7 may be partially removed. A thermal oxidation pro 
cess may then be performed again to form a low-voltage gate 
insulation layer 4 on the semiconductor substrate 1 of both the 
low-voltage device region and the cell array region. The ther 
mal oxidation process also may again thicken the high-volt 
age gate insulation layer 7. 
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Referring to FIG. 4, a first conductive layer 11 is formed 
over the entire upper surface of the semiconductor substrate 1. 
The first conductive layer 11 in some embodiments is formed 
of impurity-doped polysilicon. Using a mask (not illustrated) 
covering all the regions except the cell array region, the first 
conductive layer 11 may be patterned and removed from the 
cell array region to thereby expose the low-voltage gate insu 
lation layer 4 in the cell array region. The exposed low 
Voltage gate insulation layer 4 is removed to expose the semi 
conductor Substrate 1 in the cell array region as illustrated in 
FIG. 4. 

Referring now to FIG. 5, a cell tunnel insulation layer 13, a 
charge trapping layer 15, and a cell blocking insulation layer 
17 are sequentially stacked over the entire upper surface of the 
semiconductor substrate 1. A second conductive layer 19 is 
formed on the cell blocking insulation layer 17. The charge 
trapping layer 15 may be formed, for example, of a material 
selected from the group consisting of a silicon nitride (SiNa) 
layer, a nanocrystalline silicon layer, a nanocrystalline silicon 
germanium layer, a nanocrystalline metal layer, a nanocrys 
talline germanium layer, a tantalum oxide (TaO or Ta-Os) 
layer, an aluminum oxide (Al2O) layer, a hafnium oxide 
(H?O) layer, a hafnium aluminum oxide (HfAIO) layer, a 
hafnium silicate nitride (HfSiON) layer, and a combination 
thereof. 

The nanocrystalline silicon layer, the nanocrystalline sili 
congermanium layer, the nanocrystalline metal layer, and the 
nanocrystalline germanium layer typically have several-na 
nometer crystals and may be formed, for example, by (low 
pressure) chemical vapor deposition (CVD). The cell tunnel 
insulation layer 13 may beformed of a material selected from 
the group consisting of a silicon oxide layer, a tantalum oxide 
(TaC) or Ta-Os) layer, an aluminum oxide (Al2O) layer, a 
hafnium oxide (H?O) layer, a hafnium aluminum oxide 
(HfAlO) layer, a hafnium silicate nitride (HfSiON) layer, and 
a combination thereof. The second conductive layer 19 may 
be formed of a metal-containing layer or a bi-layer including 
the metal-containing layer and an impurity-doped polysilicon 
layer. The metal-containing layer may beformed of a material 
selected from the group consisting of a tantalum nitride (TaN) 
layer, a tantalum (Ta) layer, a tungsten silicide (WSi) layer, a 
cobalt silicide (CoSi) layer, a titanium silicide (TiSi) layer, a 
tungsten (W) layer, a tungsten nitride (WN) layer, a titanium 
(Ti) layer, a titanium nitride (TiN) layer, a titanium aluminum 
nitride (TiAlN) layer, a molybdenum (Mo) layer, a platinum 
(Pt) layer, and a combination thereof. A second mask 21 that 
covers the cell array region and the resistor region and 
exposes the high-voltage device region and the low-voltage 
device region is shown formed on the second conductive layer 
19. 

Referring to FIG. 6, using the second mask 21 as an etch 
mask, the second conductive layer 19, the cell blocking insu 
lation layer 17, the charge trapping layer 15, and the cell 
tunnel insulation layer 13 in both the high-voltage device 
region and the low-voltage device region are removed to 
expose the first conductive layer 11. 

Referring to FIG. 7, a third conductive layer 23 is shown 
formed over the entire upper surface of the semiconductor 
substrate 1. The third conductive layer 23 may be formed of 
an impurity-doped polysilicon layer, a metal-containing 
layer, and/or a bi-layer including the impurity-doped poly 
silicon layer and the metal-containing layer. The metal-con 
taining layer may be formed of a material selected from the 
group consisting of a tantalum nitride (TaN) layer, a tantalum 
(Ta) layer, a tungsten silicide (WSi) layer, a cobalt silicide 
(CoSi) layer, a titanium silicide (TiSi) layer, a tungsten (W) 
layer, a tungsten nitride (WN) layer, a titanium (Ti) layer, a 
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8 
titanium nitride (TiN) layer, a titanium aluminum nitride 
(TiAlN) layer, a molybdenum (Mo) layer, a platinum (Pt) 
layer, and a combination thereof. A third mask 25 that covers 
the high-voltage region and the low-voltage device region, 
exposes the resistor region and defines a cell gate electrode in 
the cell array region is shown formed on the third conductive 
layer 23. 

Referring now to FIG. 8, using the third mask 25 as an etch 
mask, the third conductive layer 23 and the second conductive 
layer 19 in the cell array region are removed to form a cellgate 
electrode 24c. Concurrently, the third conductive layer 23 and 
the second conductive layer 19 in the resistor region are 
removed. In the etching process, the cell blocking insulation 
layer 17 may also be removed to expose the charge trapping 
layer 15. Although not illustrated in FIG. 8, the charge trap 
ping layer 15 and the cell tunnel insulation layer 13 may also 
be removed to expose the first conductive layer 11. Thereaf 
ter, the third mask 25 is removed. A fourth mask 27 is then 
formed on the resulting surface, such that it covers the cell 
array region and defines peripheral circuit electrodes in the 
high-voltage and low-voltage device regions and a resistor in 
the resistor region. 

Referring to FIG. 9, using the fourth mask layer 27 as an 
etch mask, the third conductive layer 23 and the first conduc 
tive layer 11 in both the high-voltage region and the low 
Voltage region are etched to form a high-voltage gate elec 
trode 24h and a low-voltage gate electrode 241, and 
concurrently, the charge trapping layer 15, the cell tunnel 
insulation layer 13 and the first conductive layer 11 in the 
resistor region are etched to form a resistor 11r to thereby 
complete the formation of a nonvolatile memory illustrated in 
FIG. 9. 
As seen in the structure of the nonvolatile memory device 

embodiments of FIG. 9, the cell gate electrode 24c includes 
the second conductive layer 19 and the third conductive layer 
23, and the high-voltage gate electrode 24h and the low 
voltage gate electrode 241 each include the first conductive 
layer 11 and the third conductive layer 23. When the third 
conductive layer 23 is formed of the metal containing layer, 
the device can be enhanced in operating speed. The resistor 
11r includes the first conductive layer 11 formed of impurity 
doped polysilicon, and, thus, its resistance may be more eas 
ily adjusted by adjustment of the doping concentration of the 
layer 11. 
As the third mask 25 defining the cell gate electrode 24c 

exposes the resistor region, the second and third conductive 
layers 19 and 23 that are disposed on the resistor 11r and may 
contain metal may be removed during the formation of the 
cell gate electrode 24c. Accordingly, no additional mask for 
removing the second and third conductive layers 19 and 23 on 
the resistor 11r needs to be formed, which may simplify the 
fabrication process. 

FIGS. 10 through 12 are cross-sectional views illustrating 
a method of forming a nonvolatile memory according to 
further embodiments of the present invention. The embodi 
ments of FIGS. 10 through 12 are similar in various aspects to 
the embodiments described with reference to FIGS. 1 through 
9, with the exception that the fourth conductive layer is fur 
therformed before the formation of the device isolation layer. 
Accordingly, corresponding operations as described with ref 
erence to FIGS. 1-9 may be used in some embodiments to 
form a self-aligned polysilicon structure. 

Referring to FIG. 10, in a similar manner as described with 
reference to FIG. 2, a high-voltage gate insulation layer 7 is 
formed on the semiconductor Substrate 1 in the high-voltage 
device region. Thereafter, the mask 5 and the pad oxidation 
layer 3 (FIG. 2) on the semiconductor substrate 1 are 
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removed. Next, a thermal oxidation process is again per 
formed to form a low-voltage device gate insulation layer 4 in 
the cell array region, the low-voltage device region and the 
resistor region. A fourth conductive layer 8 (the reference to 
fourth herein to distinguish from the conductive layers dis 
cussed previously as contrasted with indicating a fourth con 
ductive layer formed on the semiconductor substrate 1 in the 
embodiments of FIGS. 10 through 12) is formed over the 
entire upper surface of the semiconductor substrate 1. The 
fourth conductive layer 8 in some embodiments is formed of 
impurity-doped polysilicon. 

Referring to FIG. 11, the fourth conductive layer 8, the gate 
insulation layers 4 and 7, and the semiconductor Substrate 1 
are patterned to form a trench. The trench may be filled with 
an insulation layer, and the resulting structure may be pla 
narized to form the device isolation layer 9. Specifically, a 
wide device isolation layer 9 formed in the resistor region and 
isolation between the respective regions as shown in FIG. 11. 
The upper portions of the device isolation layer 9 and the 
fourth conductive layer 8 may be planarized and aligned. 

Operations between the structures shown in FIGS. 11 and 
12 may proceed generally as discussed previously with 
respect to FIGS. 4, 5 and 7-8. Mare particularly, as illustrated 
in FIG. 4, the first conductive layer 11 may be stacked and 
patterned to expose the semiconductor substrate 1 of the cell 
array region. Next, as illustrated in FIG. 5, the cell tunnel 
insulation layer 13, the charge trapping layer 15, the cell 
blocking insulation layer 17, and the second conductive layer 
19 may be stacked. Thereafter, a patterning process using the 
second mask 21 as an etch mask may be performed to remove 
the second conductive layer 19, the cell blocking insulation 
layer 17, the charge trapping layer 15, and the cell tunnel 
insulation layer 13 from the high-voltage device region and 
the low-voltage device region to thereby expose the first con 
ductive layer 11. 

Next, as illustrate in FIG. 7, the third conductive layer 23 
may be stacked. Thereafter, a patterning process using the 
second mask 25 as an etch mask may be performed to form 
the cell gate electrode 24c and also to remove the third and 
second conductive layers 23 and 19 on the cell blocking 
insulation layer 17 from the resistor region. Next, using the 
fourth mask 27 (FIG. 8) as an etch mask, the third conductive 
layer 23, the first conductive layer 11, and the fourth conduc 
tive layer 8 may be patterned to form the high-voltage gate 
electrode 24h' and the low-voltage gate electrode 241" in the 
high-voltage device region and the low-voltage device region 
and to form the resistor 11r in the resistor region to thereby 
complete the formation of a nonvolatile memory structure as 
illustrated in FIG. 12. 

As such, in the nonvolatile memory of the embodiments of 
FIG. 12, the cell gate electrode 24c includes the -stacked 
second and third conductive layers 19 and 23, and the high 
Voltage gate electrode 24h' and the low-voltage gate electrode 
24l" each include the -stacked fourth, first and third conduc 
tive layers 8, 11 and 23. 

FIGS. 13 and 14 are cross-sectional views illustrating a 
method of forming a nonvolatile memory according to other 
embodiments of the present invention. As compared to the 
previously described embodiment illustrated in FIGS. 1 
through 9, the embodiments of FIGS. 13 and 14 do not 
include formation of the second conductive layer 19. 
Although the second conductive layer 19 may serve to protect 
the cell tunnel insulation layer 13, the charge trapping layer 
15 and the cell blocking insulation layer 17, some embodi 
ments of the present invention do not include formation of the 
second conductive layer 19. 
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10 
Referring to FIG. 13 and FIG. 4, starting at the stage 

illustrated in FIG. 4, the cell tunnel insulation layer 13, the 
charge trapping layer 15, and the cell blocking insulation 
layer 17 are conformally stacked on the semiconductor sub 
strate 1. As shown in FIG. 13, without first depositing the 
second conductive layer 19, the second mask 21 that covers 
the cell array region and the resistor region and exposes the 
high-voltage device region and the low-voltage device region 
is formed on the cell blocking insulation layer 17. Although 
not illustrated in FIG. 13, a patterning process using the 
second mask 21 as an etch mask may be performed to sequen 
tially remove the cell blocking insulation layer 17, the charge 
trapping layer 15, and the cell tunnel insulation layer 13 from 
the high-voltage device region and the low-voltage device 
region to thereby expose the first conductive layer 11 in those 
regions. 

Next, substantially as illustrated in FIG. 7, the third con 
ductive layer 23 is deposited after removing the second mask 
21. Thereafter, a patterning process using the second mask 25 
as an etch mask is performed to form the cell gate electrode 
24c' and also to remove the third conductive layer 23 and the 
cell blocking insulation layer 17 from the resistor region. 
Next, using the fourth mask 27 (FIG. 8) as an etch mask, the 
third conductive layer 23 and the first conductive layer 11 are 
patterned to form the high-voltage gate electrode 24h and the 
low-voltage gate electrode 24l in the high-voltage device 
region and the low-voltage device region and to form the 
resistor 11r in the resistor region to thereby complete the 
formation of the nonvolatile memory structure illustrated in 
FIG 14. 

In the nonvolatile memory structure of FIG. 14, the cell 
gate electrode 24c' includes the third conductive layer 23 and 
does not include the second conductive layer 19. The high 
Voltage gate electrode 24h and the low-voltage gate electrode 
24l each include the stacked first and third conductive layers 
11 and 23. 

FIG. 15 is a cross-sectional view of a nonvolatile memory 
according some embodiments of the present invention. The 
nonvolatile memory of FIG. 15 may be formed using the 
methods described with reference to FIGS. 10 through 14. For 
example, as illustrated in FIG. 14, the fourth conductive layer 
8 may be formed before the formation of the device isolation 
layer 9 over the entire upper surface of the semiconductor 
substrate 1. The fourth conductive layer 8, the gate insulation 
layers 4 and 7, and the semiconductor substrate 1 may be 
patterned to form a trench. The trench may be filled with an 
insulation layer, and the resulting structure may be planarized 
to form the device isolation layer 9 illustrated in FIG. 15, 
including a wide device isolation layer 9 formed in the resis 
tor region on which a resistor may be subsequently formed. 
The upper portions of the device isolation layer 9 and the 
fourth conductive layer 8 may be planarized and aligned as 
illustrated in FIG. 15. 

Thereafter, substantially as illustrated and described with 
reference to FIG. 4 previously, the first conductive layer 11 
may be formed and patterned to expose the semiconductor 
substrate 1 in the cell array region. Next, substantially as 
illustrated and described with reference to FIG. 5 previously, 
the cell tunnel insulation layer 13, the charge trapping layer 
15, the cell blocking insulation layer 17, and the second 
conductive layer 19 may be formed in a stacked structure. 
Thereafter, a patterning process using the second mask 21 as 
an etch mask may be performed to remove the cell blocking 
insulation layer 17, the charge trapping layer 15, and the cell 
tunnel insulation layer 13 from the high-voltage device region 
and the low-voltage device region to thereby expose the first 
conductive layer 11 in those regions. 
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Next, substantially as illustrated and described with refer 
ence to FIG. 7 previously, the third conductive layer 23 may 
be formed. Thereafter, a patterning process using the second 
mask 25 as an etch mask may be performed to form the cell 
gate electrode 24c' and also to remove the third conductive 
layer 23 and the cell blocking insulation layer 17 from the 
resistor region. Next, using the fourth mask 27 (FIG. 8) as an 
etch mask, the third conductive layer 23, the first conductive 
layer 11, and the fourth conductive layer 8 may be patterned 
to form the high-voltage gate electrode 24h' and the low 
Voltage gate electrode 24l" in the high-voltage device region 
and the low-voltage device region and to form the resistor 11r 
in the resistor region to thereby complete the formation of the 
nonvolatile memory device structure illustrated in FIG. 15. 

In the nonvolatile memory structure of FIG. 15, the cell 
gate electrode 24c' includes third conductive layer 23 and 
does not include the second conductive layer 19. The high 
Voltage gate electrode 24h' and the low-voltage gate electrode 
24l"each include the stacked fourth, first and third conductive 
layers 8, 11 and 23. 
As described above, in some embodiments, each of the 

resistors 11r includes an impurity-doped polysilicon struc 
ture. As such, its resistance may be more easily adjusted by 
adjustment of the doping concentration. 

In some of the method embodiments described above, 
because the mask defining the cell gate electrode exposes the 
resistor region, the second and third conductive layers (which 
are disposed on the resistor and may include metal) may be 
removed during the formation of the cell gate electrode. 
Accordingly, no additional mask for removing the second and 
third conductive layers 19 and 23 may need to be formed, 
which may simplify the device fabrication process. 

In some of the method embodiments described above, the 
cell gate electrode includes the second and third conductive 
layers, and the high-voltage and high Voltage gate electrodes 
each include the first and third conductive layers. Accord 
ingly, when the third conductive layer is formed of the metal 
containing layer, the resulting device may be enhanced in 
operating speed. In addition, since the resistor may beformed 
of the first conductive layer containing impurity-doped poly 
silicon, its resistance may be more easily adjusted by the 
adjustment of the doping concentration. 

In yet other embodiments methods of forming a nonvola 
tile memory are provided, including: forming a device isola 
tion layer in a semiconductor Substrate including a cell array 
region and a resistor region to thereby define an active region; 
forming a first conductive layer that covers the device isola 
tion layer in the resistor region and exposes the semiconduc 
tor Substrate in the cell array region; sequentially forming a 
cell tunnel insulation layer, a charge trapping layer, a cell 
blocking insulation layer, and a second conductive layer over 
the entire upper Surface of the semiconductor Substrate; etch 
ing the second conductive layer in the cell array region to 
form a cell gate electrode and simultaneously removing the 
second conductive layer from the resistor region; and etching 
the first conductive layer in the resistor region to thereby form 
a resistor. The second conductive layer may be formed to 
include a metal-containing layer that is formed using a con 
ductive material with a work function of 4.0 eV or more and 
in the cell gate electrode including the second conductive 
layer, an electron flow from a gate can be blocked to reduce a 
resistance, which may enhance the read/write speed of the 
device. 

In some embodiments, the charge trapping layer serves to 
trap an electric charge. The electric charge may be trapped at 
the charge trapping layer, an interface between the charge 
trapping layer and the cell tunnel insulation layer, or an inter 
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12 
face between the charge trapping layer and the cell blocking 
insulation layer. The electrical charge may be tunneled 
through the cell tunnel insulation layer. The cell blocking 
insulation layer may serve to prevent the electrical charge 
from moving freely to the cell gate electrode. 

In Some embodiments of the present invention, a method of 
forming a nonvolatile memory includes: preparing a semi 
conductor Substrate including a cell array region, a high 
Voltage device region, a low-voltage device region, and a 
resistor region; forming a high-voltage gate insulation layer 
on the semiconductor Substrate in the high-voltage device 
region; forming a low-voltage gate insulation layer on the 
semiconductor Substrate in the low-voltage device region; 
forming a device isolation layer in a semiconductor Substrate 
to define an active region; forming a first conductive layer that 
exposes the semiconductor Substrate in the cell array region 
and covers the high-voltage region, the low-voltage region, 
and the resistor region; conformally stacking a cell tunnel 
insulation layer, a charge trapping layer, and a cell blocking 
insulation layer over the entire upper Surface of the semicon 
ductor Substrate; removing the cell blocking insulation layer, 
the charge trapping layer, and the cell tunnel insulation layer 
from the high-voltage device region and the low-voltage 
device region to thereby expose the first conductive layer; 
forming a second conductive layer over the entire upper Sur 
face of the semiconductor Substrate; etching the second con 
ductive layer in the cell array region to form a cell gate 
electrode and simultaneously removing the second conduc 
tive layer from the resistor region; and etching the second 
conductive layer and the first conductive layer in the high 
Voltage device region and the low-voltage device region to 
form a peripheral circuit gate electrode, and etching the first 
conductive layer in the resistor region to form a resistor. 

In still further embodiments, the method may further 
include forming a third conductive layer over the entire upper 
surface of the semiconductor substrate before the removing of 
the cell blocking insulation layer, the charge trapping layer, 
and the cell tunnel insulation layer from the high-voltage 
device region and the low-voltage device region. In this case, 
the third conductive layer, the cell blocking insulation layer, 
the charge trapping layer, and the cell tunnel insulation layer 
are removed from the high-voltage device region and the 
low-voltage device region to expose the first conductive layer. 
Also, the second conductive layer and the third conductive 
layer in the cell array region are etched to form a cell gate 
electrode and simultaneously the second conductive layer and 
the third conductive layer are removed from the resistor 
region. 

In still further embodiments, the second conductive layer 
may be formed of a metal-containing layer or a bi-layer 
including the metal-containing layer and an impurity-doped 
polysilicon layer. The third conductive layer may be formed 
of an impurity-doped polysilicon layer, a metal-containing 
layer, or a bi-layer including the impurity-doped polysilicon 
layer and the metal-containing layer. The metal-containing 
layer may be formed of one selected from the group consist 
ing of a tantalum nitride (TaN) layer, a tantalum (Ta) layer, a 
tungsten silicide (WSi) layer, a cobalt silicide (CoSi) layer, a 
titanium silicide (TiSi) layer, a tungsten (W) layer, a tungsten 
nitride (WN) layer, a titanium (Ti) layer, a titanium nitride 
(TiN) layer, a titanium aluminum nitride (TiAIN) layer, a 
molybdenum (Mo) layer, a platinum (Pt) layer, and a combi 
nation thereof. 

In still further embodiments, the above method may further 
include forming a fourth conductive layer over the entire 
upper surface of the semiconductor substrate before the form 
ing of the device isolation layer. In this case, the fourth con 
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ductive layer is also patterned at the formation of the periph 
eral circuit gate electrode such that the peripheral circuit gate 
electrode is formed to include the fourth conductive layer, the 
first conductive layer, and the second conductive layer that are 
sequentially stacked. The fourth conductive layer is formed of 5 
impurity-doped polysilicon. 

In other embodiments of the present invention, a nonvola 
tile memory including: a device isolation layer formed in a 
semiconductor Substrate including a cell array region, a 
peripheral circuit region, and a resistor region to define an 
active region; a cell tunnel insulation layer, a charge trapping 
layer, a cell blocking insulation layer, and a cellgate electrode 
sequentially stacked on the semiconductor Substrate in the 
cell array region; a peripheral circuit gate insulation layer and 
a peripheral gate electrode sequentially stacked on the semi 
conductor Substrate in the peripheral circuit region; and a 
resistor disposed on the device isolation layer in the resistor 
region, wherein the resistor includes a first conductive layer, 
the peripheral gate electrode includes the first conductive 
layer and a second conductive layer that are sequentially 
stacked, and the cell gate electrode includes the second con 
ductive layer. 

In some embodiments, the peripheral circuit region may 
include the high-voltage device region and the low-voltage 
device region. The peripheral gate insulation layer may serve 
as the high-voltage gate insulation layer in the high-voltage 
device isolation region. Also, the peripheral gate insulation 
layer may serve as the low-voltage gate insulation layer in the 
low-voltage device isolation region. The high-voltage gate 
insulation layer is thicker than the low-voltage gate insulation 
layer. 

In other embodiments, the cell gate electrode may further 
include a third conductive layer interposed between the sec 
ond conductive layer and the cell blocking insulation layer. 
The peripheral gate electrode may further include a fourth 
conductive layer interposed between the first conductive 
layer and the peripheral gate insulation layer. 
The foregoing is illustrative of the present invention and is 

not to be construed as limiting thereof. Although a few exem 
plary embodiments of this invention have been described, 
those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments 
without materially departing from the novel teachings and 
advantages of this invention. Accordingly, all Such modifica 
tions are intended to be included within the scope of this 
invention as defined in the claims. In the claims, means-plus 
function clauses are intended to cover the structures described 
herein as performing the recited function and not only struc 
tural equivalents but also equivalent structures. Therefore, it 
is to be understood that the foregoing is illustrative of the 
present invention and is not to be construed as limited to the 
specific embodiments disclosed, and that modifications to the 
disclosed embodiments, as well as other embodiments, are 
intended to be included within the scope of the appended 
claims. The invention is defined by the following claims, with 
equivalents of the claims to be included therein. 
What is claimed is: 
1. A method of forming a memory device, the method 

comprising: 
forming a device isolation layer in a semiconductor Sub 

strate including a cell array region and a resistor region, 
the device isolation layer extending into the resistor 
region and defining an active region in the semiconduc 
tor substrate; 

forming a first conductive layer on the device isolation 
layer in the resistor region; 
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14 
exposing the semiconductor Substrate in the cell array 

region; 
forming a cell insulation layer on a portion of the semicon 

ductor Substrate including the exposed cell array region, 
the active region and the device isolation layer in the 
resistor region; 

forming a second conductive layer on the cell insulation 
layer in the portion of the semiconductor substrate 
including the cell array region, the active region and the 
device isolation layer in the resistor region; 

etching the second conductive layer to form a cell gate 
electrode in the cell array region and to concurrently 
remove the second conductive layer from the resistor 
region; and 

etching the first conductive layer in the resistor region to 
form a resistor. 

2. The method of claim 1, wherein the memory device 
comprise a nonvolatile memory and whereinforming the cell 
insulation layer comprises forming a cell tunnel insulation 
layer, a charge-trapping layer and a cell blocking insulation 
layer stacked over the entire upper surface of the portion of 
the semiconductor Substrate including the cell array region, 
the active region and the device isolation layer in the resistor 
region and wherein forming the second conductive layer 
comprises forming a second conductive layer on the cell 
blocking insulation layer over the entire upper Surface of the 
portion of the semiconductor Substrate including the cell 
array region, the active region and the device isolation layer in 
the resistor region. 

3. The method of claim 2, wherein the first conductive layer 
is formed of impurity-doped polysilicon. 

4. The method of claim 2, wherein the charge trapping 
layer is formed of a silicon nitride (SiNa) layer, a nanocrys 
talline silicon layer, a nanocrystalline silicon germanium 
layer, a nanocrystalline metal layer, a nanocrystalline germa 
nium layer, a tantalum oxide (TaC) or Ta2O5) layer, an alumi 
num oxide (Al2O) layer, a hafnium oxide (H?O) layer, a 
hafnium aluminum oxide (HfAIO) layer and/or a hafnium 
silicate nitride (HfSiON) layer. 

5. A method of forming a nonvolatile memory, the method 
comprising: 

providing a semiconductor Substrate including a cell array 
region, a high-voltage device region, a low-voltage 
device region, and a resistor region; 

forming a high-voltage gate insulation layer on the semi 
conductor Substrate in the high-voltage device region; 

forming a low-voltage gate insulation layer on the semi 
conductor Substrate in the low-voltage device region; 

forming a device isolation layer in the semiconductor Sub 
strate to define an active region; 

forming a first conductive layer on the high-voltage region, 
the low-voltage region, and the resistor region without 
forming the first conductive layer on the cell array 
region; 

forming a cell insulation layer on a portion of the semicon 
ductor Substrate including the cell array region and the 
first conductive layer and the resistor region; 

removing the cell insulation layer from the high-voltage 
device region and the low-voltage device region to 
expose the first conductive layer, 

forming a second conductive layer on the portion of the 
semiconductor Substrate including the cell array region, 
the first conductive layer and the resistor region; 

patterning the second conductive layer in the cell array 
region to form a cell gate electrode while concurrently 
removing the second conductive layer from the resistor 
region; and 
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patterning the second conductive layer and the first con 
ductive layer in the high-voltage device region and the 
low-voltage device region to form a peripheral circuit 
gate electrode while patterning the first conductive layer 
in the resistor region to form a resistor. 5 

6. The method of claim 5, wherein: 
forming a cell insulation layer comprises conformally 

stacking a cell tunnel insulation layer, a charge trapping 
layer, and a cell blocking insulation layer over the entire 
upper Surface of the portion of the semiconductor Sub 
strate including the cell array region and the first con 
ductive layer and the resistor region; 

removing the cell insulation layer comprises removing the 
cell blocking insulation layer, the charge trapping layer, 
and the cell tunnel insulation layer from the high-voltage 
device region and the low-voltage device region to 
expose the first conductive layer, 
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forming a second conductive layer comprises forming the 
second conductive layer over the entire upper surface of 
the portion of the semiconductor Substrate including the 
cell array region, the first conductive layer and the resis 
tor region; 

patterning the second conductive layer comprises etching 
the second conductive layer in the cell array region to 25 
form the cell gate electrode and concurrently removing 
the second conductive layer from the resistor region; and 

patterning the second conductive layer and the first con 
ductive layer comprises etching the second conductive 
layer and the first conductive layer in the high-voltage 30 
device region and the low-voltage device region to form 
the peripheral circuit gate electrode while etching the 
first conductive layer in the resistor region to form the 
resistor. 

7. The method of claim 6, wherein the first conductive layer 
is formed of impurity-doped polysilicon. 

8. The method of claim 6, wherein the charge trapping 

16 
9. The method of claim 6, further comprising forming a 

third conductive layer over the entire upper surface of the 
semiconductor substrate before the removing of the cell 
blocking insulation layer, the charge trapping layer, and the 
cell tunnel insulation layer from the high-voltage device 
region and the low-voltage device region, 

wherein the third conductive layer is removed from the 
high-voltage device region and the low-voltage device 
region when the cell blocking insulation layer, the 
charge trapping layer, and the cell tunnel insulation layer 
are removed from the high-voltage device region and the 
low-voltage device region to expose the first conductive 
layer; and 

the third conductive layer is etched when the second con 
ductive layer is etched to form a cell gate electrode at the 
cell array region and to expose the first conductive layer 
at the resistor region. 

10. The method of claim 9, wherein the third conductive 
layer is formed of an impurity-doped polysilicon layer, a 
metal-containing layer, or a bi-layer including the impurity 
doped polysilicon layer and the metal-containing layer. 

11. The method of claim 6, wherein the second conductive 
layer is formed of a metal-containing layer or a bi-layer 
including the metal-containing layer and an impurity-doped 
polysilicon layer. 

12. The method of claim 11, wherein the metal-containing 
layer is formed of a tantalum nitride (TaN) layer, a tantalum 
(Ta) layer, a tungsten silicide (WSi) layer, a cobalt silicide 
(CoSi) layer, a titanium silicide (TiSi) layer, a tungsten (W) 
layer, a tungsten nitride (WN) layer, a titanium (Ti) layer, a 
titanium nitride (TiN) layer, a titanium aluminum nitride 
(TiAlN) layer, a molybdenum (Mo) layer and/or a platinum 
(Pt) layer. 

13. The method of claim 6, further comprising forming a 
fourth conductive layer over the entire upper surface of the 
portion of the semiconductor substrate before the forming of 
the device isolation layer, wherein the fourth conductive layer 
is also patterned when the peripheral circuit gate electrode is layer is formed of a silicon nitride (SiNa) layer, a nanocrys 

talline silicon layer, a nanocrystalline silicon germanium 
layer, a nanocrystalline metal layer, a nanocrystalline germa 
nium layer, a tantalum oxide (TaC) or Ta2O5) layer, an alumi 
num oxide (Al2O) layer, a hafnium oxide (H?O) layer, a 
hafnium aluminum oxide (HfAIO) layer and/or a hafnium 
silicate nitride (HfSiON) layer. k . . . . 

formed, so that the peripheral circuit gate electrode is a stack 
40 that includes the fourth conductive layer, the first conductive 

layer, and the second conductive layer. 
14. The method of claim 13, wherein the fourth conductive 

layer is formed of impurity-doped polysilicon. 


